Abstract The translation of evidence-based health innovations into real-world practice is both incomplete and exceedingly slow. This represents a poor return on research investment dollars for the general public. U.S. funders of health sciences research (e.g., NIH, CDC, NIOSH) are increasingly calling for dissemination plans, and to a lesser extent for dissemination and implementation (D&I) research, which are studies that examine the effectiveness of D&I efforts and strategies and the predictors of D&I success. For example, rather than merely broadcasting information about a preventable hazard, D&I research in occupational safety and health (OSH) might examine how employers or practitioners are most likely to receive and act upon that information. We propose here that D&I research should be seen as a dedicated and necessary area of study within OSH, as a way to generate new knowledge that can bridge the research-topractice gap. We present D&I concepts, frameworks, and examples that can increase the capacity of OSH professionals to conduct D&I research and accelerate the translation of research findings into meaningful everyday practice to improve worker safety and health.
research, funding extramural research, transferring findings to the public or private sector, communicating findings to target audiences, and evaluating the efficacy of efforts aimed at improving worker health and safety. The NIOSH-funded Center for Construction Research and Training (CPWR) has developed a Dissemination Roadmap, under the auspices of CPWR's r2p initiative (CPWR Center for Construction Research and Training 2014) . This tool prompts researchers to identify their research products and output, stakeholder partners, communication channels, resources and barriers, and indicators of success.
Conducting a well-designed dissemination effort, with consideration of these variables, and then evaluating the net uptake (e.g., number of website hits or document downloads, or changes in clinical practice), are both valuable. However, creating and following a dissemination plan -the practice of dissemination -is not the same as formal study of the variables that determine dissemination effectiveness. Dissemination of information about effective health innovations may have more or less success depending on how the findings are packaged and communicated, as well as characteristics of the intended user and the context (Chaudoir et al. 2013) . Often these factors are investigated (if at all) in an ad-hoc manner, by trial and error.
As developed in more detail below, the intent of D&I research is to build a knowledge base of the factors that facilitate or hinder the effective delivery of EBHIs, and the extent to which these predictors might vary among the desired end-user groups or settings where they can have an impact on human well-being (whether in health clinics, workplaces, schools, communities, or other). Increasingly, NIH is urging researchers to conduct formal dissemination and implementation (D&I) research by offering project grants specifically for D&I research (National Institutes of Health 2016) and sponsoring conferences to build researcher capacity to conduct D&I research (e.g., NIH's Annual Conference on the Science of Dissemination and Implementation in Health).
To date, there has been very limited conduct of D&I research specifically in the field of occupational safety and health (OSH). Our two main objectives in writing this paper are, therefore: (1) to propose D&I research as a dedicated area of study within OSH; and (2) to provide OSH researchers with useful concepts, frameworks, and examples that can increase their capacity to conduct D&I research and accelerate the translation of research findings that improve worker safety and health into meaningful everyday practice.
Important Concepts and Terminology
D&I science is an emerging field with a somewhat disorderly body of literature. The research has roots in many disciplines, with most of the seminal contributions coming from non-health fields (e.g., agriculture, education, marketing, communications, management) (Rabin et al. 2008) . These disparate origins have produced a lack of standardization in the use of terminology and the key concepts within D&I science. In addition to confusing terminology, there is no unanimity in D&I science regarding the best ways to model and measure D&I-related phenomena. D&I activities are often complex and situation-specific. There are countless differences across the body of EBHIs in terms of their foci, intended outcomes, designs, approaches, and targeted audiences and settings, and it is nearly impossible to create universal models that capture all these differences (Chaudoir et al. 2013) .
Also, the same EBHI at each new instance of real-world implementation is a singular and unique entity, with many moving parts (e.g., people, environments, systems) operating in a constantly shifting state of dynamic interplay. Thus the results of any given trial are difficult to compare to all other instances of implementation of the same EBHI. For all these reasons, D&I science does not yet offer theories or even patterns of consistent causal predictor-outcome relationships among D&I related constructs, or provide well-established measures with strong psychometric properties for assessing constructs in all settings. Nonetheless, the development of taxonomies of relevant characteristics of the dissemination product, strategy, and/or context has begun to facilitate more systematic compilation of the lessons learned to date (e.g., Chaudoir et al. 2013) .
In this paper, health innovation means "an idea, practice, or object that is perceived as new by an individual or other unit of adoption" (Rogers 2003, p. 12) . We use this term rather than health intervention to indicate that the objects of D&I include the broad range of programs, practices, policies, and guidelines that might improve health or prevent illness (Rabin et al. 2008) . Evidence-based health innovations are those that have demonstrated the ability to improve desired health outcomes. This typically occurs via the "Discovery-Delivery Continuum" (Schillinger 2010 ), a step-wise developmental research approach in which an innovation undergoes first an efficacy study to determine if it improves health under controlled conditions, followed by an effectiveness study to evaluate whether it improves health under real-world conditions.
Implementation is "the use of strategies to adopt and integrate evidence-based health interventions into clinical and community settings in order to improve patient outcomes and benefit population health" (National Institutes of Health 2016). Implementation research examines when, why, and how innovations are integrated (or fail to integrate) into the settings and systems that deliver them, and to test implementation strategies to determine which are associated with the greatest success, as determined by attaining implementation outcomes such as adoption, fidelity, and sustainability.
Dissemination is the active and deliberate process of packaging and distributing information about EBHIs to a specific audience of potential adopters via predetermined media channels (Carpenter et al. 2005; Rabin et al. 2008) . It is based on the creation and supply of information about the EBHI by its developers or sponsors and is therefore conceptualized as a "push" strategy from the source of the EBHI (Dearing and Kreuter 2010) . Dissemination research examines when, why, and how innovations are most successfully spread to desired end-users, and addresses topics such as innovation messaging and packaging, user-perceptions of information received, and social networks used to transmit EBHIs. Dissemination success may be determined by assessing final outcomes such as adoption and sustainability, as well as intermediary outcomes such as the number of end-users reached with a social marketing campaign, or the number of responses to advertisements in trade journals.
Diffusion is a related but distinct concept from dissemination, defined as the relatively passive and unplanned process by which information about an EBHI spreads in an uncontrolled way through communication channels to members of a social system (Rabin et al. 2008; Carpenter et al. 2005) . It is sensitive to social influence and occurs when, through their communication with actual adopters, potential adopters decide to adopt an EBHI. It is conceptualized as a "pull" strategy that is achieved when the EBHI is designed in such a way that potential adopters are drawn to it, experiment with it, adopt it, and talk about it to others (Dearing and Kreuter 2010) . Although diffusion is not as effective in spreading EBHIs as dissemination, the two activities are complementary and both should be pursued. For both processes, steps should be taken in the formative stages of developing an innovation to ensure that it meets the needs of and is perceived as desirable by potential adopters (Carpenter et al. 2005, Dearing and Kreuter 2010; Rogers 2003) .
In the discovery-delivery sequence summarized above, D&I studies typically occur after effectiveness has been demonstrated. While efficacy and effectiveness research is concerned with studying specific health or safety outcomes, D&I research is specifically concerned with D&I-specific outcomes such as the initial uptake, adoption and sustainability of the innovation. This distinction in study foci and outcomes is important, because an innovation that has not successfully demonstrated health improvements nevertheless has the potential to be successfully disseminated and implemented (and vice versa) .
A potential downside to the traditional sequence is that the impact or relative merit of varying dissemination approaches is not examined until effectiveness is established. Yet successful dissemination is precisely one of the factors required to study effectiveness of the EBHI, in contrast to its efficacy. If an effectiveness trial fails because there was insufficient dissemination and uptake in the real world, valuable resources are wasted. Intentionally conducting D&I studies as the second step could produce evidence that guides refinements of the EBHI, its presentation and/or its dissemination so as to produce a more meaningful effectiveness trial.
A D&I Framework and Taxonomy
For researchers who want to conduct a D&I study, a relatively simple framework proposed by Chaudoir et al. (2013) is a useful starting point for identifying predictors (barriers and facilitators) and outcomes of D&I success, and examining associations between them. The authors showed a convergence among published D&I models by organizing the factors hypothesized to predict implementation outcomes into broad classes of variables operating at different levels of influence, from micro to macro ( Figure 2) . This multi-level framework contains five nested factors that are implementation predictors -variables that act as barriers or facilitators of implementation success -and five categories of implementation outcomes.
Among the predictors, structural factors pertain to aspects of the external physical environment, political and economic context, and sociocultural context of the outer community where the organization implementing the EBHI is located. Organizational factors are related to the organization that is implementing the EBHI. Provider factors pertain to the person who is implementing the EBHI in the field. Innovation factors are characteristics of the EBHI being implemented. Although intervention recipients are rarely taken into consideration in implementation research, the people whose health is intended to benefit from the EBHI can also influence implementation success. Thus, in contrast to prior D&I models, this framework includes patient factors, which pertain to the person receiving the EBHI (e.g., their level of health literacy or socioeconomic status). See Table 1 for more detailed information and examples of the five levels of implementation predictors.
This social-ecological type framework is broad enough to capture the many moving parts of an implementation process and can also be adapted for use with many types of EBHIs in many different settings, including workplaces. The terminology of provider and patient derives from the D&I literature, which mainly addresses EBHIs evaluated in clinical care settings. However, the constructs of provider and patient can generally be understood as EBHI implementer and EBHI end-user, and this language can be adapted to any non-clinical implementation setting. In the workplace, for example, if the EBHI is a hearing conservation program, the implementer might be the occupational hygienist and the end-user would be the worker. Given the hierarchies of decision authority in most workplaces, the implementer might also be the manager who has the authority to allocate the necessary resources for the program.
The framework also shows the five implementation outcomes -adoption, fidelity, cost, penetration, and sustainability -which are indicators of implementation success, as originally compiled and defined by Proctor et al. (2011) . Most of the outcomes can be assessed at the individual, organizational, and structural levels of analysis, whichever is most appropriate for the type of EBHI (See Table 2 for more detailed information and examples of the five implementation outcomes.)
Adoption (sometimes referred to as uptake) is defined as intending to use, deciding to use, or actually using an EHBI. It can be measured with surveys, interviews, administrative data, and observation. Fidelity (sometimes referred to as adherence) is the degree to which the EBHI was implemented as specified or intended by its developers, and measures typically assess three aspects of fidelity: adherence to the program protocol, dose (or amount) of program delivered, and quality of program delivery. Fidelity assesses the EBHI implementer's activities, whether at the individual, organizational, or structural/community level (depending on who the implementer is), and can be evaluated through observation or self-report using activity checklists, rating sheets, or coding schemes. Cost is the financial impact of the implementation effort, and can be assessed as cost-effectiveness, cost-benefit, or actual cost. The level of Chaudoir et al. (2013) analysis depends on who is providing or utilizing the EBHI and can come through administrative data or self-report. Penetration (sometimes referred to as reach or spread) is the extent to which the EBHI reaches all eligible people, including all possible providers who could deliver the EBHI, and/or all possible patients who could receive the EBHI. Penetration is often assessed with checklists or by case audit, and may be measured by calculating a ratio of the number of actual EBHI recipients divided by the total number of eligible EBHI recipients, or the number of providers who Organizational: A company has a permanent line item on its annual budget to fund the development and delivery of a health improvement workshop for its workforce actually deliver the EBHI divided by the total number of providers expected to deliver the EBHI. Sustainability (sometimes referred to as maintenance or institutionalization) is the extent to which an EBHI becomes institutionalized within an implementing organization's permanent operations (e.g., through stable funding, annual training programs, or performance evaluation criteria), or becomes a routine practice within an individual user's behavioral repertoire. Sustainability can be assessed using surveys, interviews, administrative data, checklists, or case audits. As indicated above, implementation predictors and outcomes can be assessed quantitatively (e.g., survey scales), qualitatively (e.g., focus groups, interviews), or both. Chaudoir et al. (2013) listed 62 scales available to measure the five levels of implementation predictors, along with information about criterion validity (i.e., whether the construct is associated with key implementation outcomes). Proctor et al. (2011) provided details regarding how the implementation outcomes have been measured in previous studies, using qualitative and quantitative methods, and in many cases, where to find them.
Examples of Worker Health D&I Research
Here we provide examples of how CPH-NEW researchers could use or have used the Chaudoir et al. (2013) five-level framework to inform D&I research on topics related to worker health. These include four (hypothetical) studies in which adoption or related outcomes are assessed with the end-user being the implementer or her/his organization, and two (actual) studies with assessment of the individual worker as the end-user. Some illustrate use of an experimental design and quantitative comparison; others involve primarily qualitative assessment, using methods similar to those typical of process evaluation. Although not specific to occupational health, the clinical and community health literature offers additional examples of published D&I-related articles, including both experimental D&I studies (Dunn et al. 2012; Nahm et al. 2015; Tapp et al. 2014) as well as studies that examine D&I constructs as part of their process evaluation (Hernandez et al. 2017; Kennedy et al. 2017; Northridge et al. 2017) . Nobrega et al. 2017) . The core tool is the Intervention Design and Analysis Scorecard (IDEAS), a 7-step process for planning TWH interventions, which are "integrated" interventions that both promote and protect worker health by addressing factors that affect health at work and outside of work. IDEAS is used by a committee or design team of frontline workers to identify priority health and safety concerns along with their root causes, brainstorm and design possible interventions, and recommend interventions to a steering committee of middle-and/or senior-level managers (Robertson et al. 2013 ).
Most of the following examples refer to the Healthy Workplace Participatory Program (HWPP) developed by researchers at the Center for the Promotion of Health in the New England Workplace (CPH-NEW), a NIOSH Center of Excellence for Total
Example One The HWPP is publicly available on-line with training materials, but some users seek practical training from CPH-NEW. We could design a study in which we offer training either in person or by webinar. We might identify 24 organizations that have requested training and randomize them between the two delivery systems. Two months later, we could contact each trainee and ask if s/he intends to use the program in that organization, and whether or not s/he has already done so. Comparison of the responses would evaluate the implementation delivery format (i.e., the effect of a feature of the innovation) on program adoption.
Example Two Having determined that the webinar is equally successful, and because it requires less person-time per recipient, our next study might use the webinar format only. We could select a new group of 24 volunteer employer organizations, eight each with small, medium, and large workforces (size implying more Human Resources (HR) and OSH resources available within the organization to support the HWPP). We would contact them two months after the webinar and ask if they intend to use the program, and whether or not they actually have. In this case, comparison of the results would provide evaluation of the effect of a feature of the intended end-user (i.e., the size of the organization) on adoption. If we also re-contacted them one year later, to ask whether they were still using it and how many workers they had engaged in design teams, this would give us a comparison of sustainability and penetration as a function of organization size.
Example Three In this study we might recruit new potential HWPP users through four different regional professional organizations, for occupational health nurses, employee assistance professionals, occupational hygienists, and HR professionals. We would offer continuing education credits to each group, and each group would receive a different URL to register for the webinar so that we could count them separately. The professional organizations would provide us with information on the size of their mailing lists, so we would be able to compute an outcome variable and compare responses as proportion of e-mail recipients. Thus we could evaluate the influence of an end-user characteristic (i.e., the professional training and background of the implementer) on penetration of the profession in one geographical region.
Example Four In order to evaluate options for effective dissemination, we could compare two strategies for communicating information about the webinar through different media channels: broadcasting through an e-mail listserv and a social media campaign through Facebook. Each announcement would contain the same content (i.e., information about the program, what needs it is designed to serve, how it is innovative, and how to find and register for the webinar). A different webinar registration URL would be circulated within each medium, enabling us to identify which information source each person is responding to; we could then compare the number of "hits" for more information and the number of registrations at each web site as the dissemination outcomes.
Example Five In an actual study of health and safety in nursing homes, we formed and trained teams of workers in three facilities to engage in an early version of the participatory process later codified as the HWPP (Zhang et al. 2015) . We conducted focus groups for needs assessment, discussed the range of possible influences on workers' health and safety from both work and non-work sources (the integration concept central to the TWH program), and then invited them to envision and jointly brainstorm an ideal nursing home which was a health-promoting environment for the workers themselves as well as the residents for whom they provided care (Holmberg et al. 2013) . Qualitative evaluations showed that the team members were highly receptive to the idea of integration, the brainstorming and prioritizing of risk factors, and the participatory process for developing solutions. Thus we were able to assess enduser perceptions of the innovation (i.e., acceptability and relevance of the participatory process and its core constructs) and demonstrate its adoption in all three facilities.
Example Six In a forthcoming study of correctional worker health and safety, correctional supervisors used the HWPP to brainstorm a list of health and safety issues and elected to prioritize sleep quality and quantity as their first priority. A Healthy Sleep Intervention was developed and is currently being implemented and evaluated. The Five and Ten D&I Evaluation Tool (Figure 3 ) was developed for postintervention assessment of selected implementation outcomes and their predictors. The first section consists of five open-ended questions on the structural, organizational, intervener, end-user, and innovation factors that may affect a given implementation outcome. The wording shown here represents factors that may be important to users as they consider whether to adopt the innovation. This section can readily be adapted to assess predictors of other implementation outcomes. For example, to assess predictors of sustainability at a later stage, the instructions could ask what factors are important as users consider whether to continue using the innovation.
The second half of the instrument contains ten items to assess key innovation characteristics associated with implementation success: simplicity, trialability, observability, relative advantage, compatibility, feasibility, adaptability, cost-effectiveness, effectiveness in making desired changes, and credibility (Chaudoir et al. 2013; Rogers 2003) . In our study, this Five and Ten instrument is accompanied by three quantitative items that assess the D&I outcomes of adoption, sustainability, and diffusion. In this specific case, respondents are asked to rate their level of agreement with three items: "I am using the sleep improvement strategies I learned in the sleep intervention;" "In the future, I will continue using the sleep improvement strategies I learned during the sleep intervention;" and "I have spoken with other people about the sleep intervention that I participated in." Future analysis will include assessing associations between the ten innovation-level predictors and these D&I outcomes of interest. We plan to test the hypothesis that participants who rate the sleep intervention most highly on key innovation characteristics will also have higher levels of adoption, intentions for sustained use, and behaviors supporting diffusion of the program. (Note that assessing effectiveness of the intervention for improving supervisors' sleep [i.e., a health outcome] is a separate activity from assessing dissemination success [i.e., D&I outcomes] which is what we are using the Five and Ten instrument for.)
The Value of End-User Participation
One common feature of clinical translational research has been the predominant use of source-based models of research, where the EBHI study originates from the world of research and its developer ("the source"), usually an academic investigator, whose end goal is to transfer an EBHI to users, whether s/he is directly involved in that transfer or hands the results off to others for dissemination (Wandersman et al. 2008) . Sourcebased models describe a linear research-to-practice process in which the innovation's lifespan can be followed from gestation to marketing (i.e., research, development, evaluation, packaging, and dissemination).
In contrast, D&I science has increasingly recognized the value of user-based models, where the EBHI study originates from the practical experience of an individual or an organization ("the user"). The innovation may be created initially by the user, or by a researcher who has learned of the user's need, perhaps with later refinements based on feedback from users; examples of both types can be found in the occupational ergonomics and safety literature (e.g., Dasgupta et al. 2016; Moir and Buchholz 1996; Moir and Azaroff 2007) . User-based models of research depict a linear process in which the evaluation can be traced from the user's initial awareness of a health problem to the incorporation of the EBHI into the user's behavioral repertoire (i.e., empirical assessment of the problem and resource capacity, innovation development and selection, adoption, implementation, evaluation, and scale-up) (Wandersman et al. 2008) .
User-based models such as participatory action research (PAR) and communitybased participatory research (CBPR) are grounded in a participatory approach in which end-user participants are both the objects of study and agents of change (McNiff and Whitehead 2011) . Members of the end-user community become active partners in the research process and are equitably involved in the design and conduct of the study, rather than being passive research participants . Community is defined as a unit of identity that may or may not have a defined geography, but whose members share a connection to one another, have shared norms and values, common language and customs, similar goals and needs, and an interest in the shared well-being of the community .
In CBPR, community members contribute as subject matter experts (Agency for Healthcare Research Quality 2003) whose knowledge of the community and its context permits a highly customized study. The researchers in turn are able to develop contextsensitive measures to assess community needs and resources; identify health concerns and their root causes; create acceptable study approaches; select appropriate measures of efficacy; develop strategies to recruit/retain participants and collect data; design socially-and culturally-relevant interventions; and interpret, disseminate and translate findings back to the user community with sensitivity to its norms and climate (Israel et al. 2013) .
User-based models have been instrumental in exposing invisible but rigorous systems of control, often leading to the change of systems previously considered unchangeable, and are increasingly viewed as effective method for reducing health disparities (Kidd and Kral 2005; Duran 2006, 2010) . These models are also valuable in preempting problems of generalizability (external validity) that occur when innovations with established efficacy fail to translate into practical use; this is because the innovations are created and tested with the involvement of actual end-users within specific real-world settings. User-based models accelerate translational research because they allow research products to be put immediately and directly into action . They also ideally result in innovation designs with relevance and appeal to desired end-users; the innovations should therefore have a greater likelihood of diffusion through social systems, reaching larger and wider populations of potential adopters (Rogers 2003) . It is for these reasons that CPH-NEW uses a participatory method (HWPP) in its OSH research and has successfully developed and delivered TWH innovations in both the healthcare and public safety sectors.
Conclusion
The sequential discovery-delivery continuum, dominant in clinical translational research, has been criticized for slowing down the r2p pipeline. D&I studies are a key component for bridging the gap between research and practice because they are designed to identify which innovation features will promote successful dissemination to different groups of implementers and end-users in different settings. This is the type of knowledge needed to develop best practices in dissemination.
However, there are barriers to both D&I practice and research that need to be overcome to advance the state of D&I science. A primary obstacle is the need to build capacity through dedicated D&I training programs for academic researchers and graduate students. D&I science training for reviewers, editors, decision-makers, and practitioners would address additional barriers that posed by a lack understanding among these stakeholder groups (Proctor et al. 2015) . In addition to new training initiatives, regular national and international meetings (e.g., annual conferences) for D&I researchers and practitioners is essential for the sharing of new knowledge. Other D&I barriers that need to be addressed include a lack of: well-established designs for D&I research (that emphasize external validity), D&I theory regarding consistent causal relationships among specific predictors and outcomes, psychometrically sound measures of D&I constructs, and D&I-specific reporting guidelines (Proctor et al. 2015) .
There are many facilitators of D&I research that should be noted, and where possible, taken advantage of. Grants that require dissemination strategies encourage dissemination practice, and competitive D&I grants promote more numerous D&I studies, but also more rigorous D&I research. The wider availability of D&I tools for dissemination practice and evaluation (Agency for Healthcare Research Quality 2014), as well as resources that spotlight existing models and measures (Chaudoir et al. 2013; Proctor et al. 2011 ) is also very helpful. Additionally, new models of research can speed the translational process, such as those the invite end-user participation to refine and immediately use innovations, or research designs that blend the efficacy and effectiveness phases of research (Glasgow et al. 2003; Wells 1999) , as well as the effectiveness and implementation phases (Curran et al. 2012; Nielsen and Abildgaard 2013) .
D&I science is still a relatively new field. We propose that it would be useful to develop a D&I research agenda in OSH generally, so as to better define D&I as a meaningful component of workplace intervention research. Specific elements of that research agenda might include developing a taxonomy of facilitators of and obstacles to uptake and adoption, at multiple levels (i.e., organizational, workforce, researcher, etc.); discussion of whether it would be feasible to develop a generic set of metrics for these and for assessment of D&I outcomes at different levels; and criteria for systematic review of D&I studies (similar to those applied now to cohort and intervention studies) in order to facilitate comparison of methodologies and pooling of high-quality findings.
With further contributions from other scientists, this agenda could provide a structure for determining what types of D&I research might be most worthwhile in guiding the translation of EBHIs into effective occupational safety and health practice.
The contribution of OSH scientists to a literature of rigorous D&I research will advance the field more generally by enhancing our understanding of implementation predictors and informing the development of better quantitative research measures. This paper aims to offer useful information for those OSH scientists who want to communicate their research findings to the world of workplace practice, in order to reach broader audiences and have greater impact on OSH outcomes. Knowledge about D&I methods and findings can assist us all in being more successful with those communication efforts.
